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ABSTRACT
We present ROSAT X-ray and optical light curves of the 1994 February super-
outburst of the eclipsing SU UMa dwarf nova OY Carinae. There is no eclipse of the
flux in the ROSAT HRI light curve. Contemporaneous ‘wide B’ band optical light
curves show extensive superhump activity and dips at superhump maximum. Eclipse
mapping of these optical light curves reveals a disc with a considerable physical flare,
even three days into the superoutburst decline.
We include a later (1994 July) ROSAT PSPC observation of OY Car that allows
us to put constraints on the quiescent X-ray spectrum. We find that while there is
little to choose between OY Car and its fellow high inclination systems with regard
to the temperature of the emitting gas and the emission measure, we have difficulties
reconciling the column density found from our X-ray observation with the column
found in HST UV observations by Horne et al. (1994). The obvious option is to
invoke time variability.
Key words: accretion, accretion discs – binaries: eclipsing – stars: individual: OY
Car – novae, cataclysmic variables – X-rays: stars
1 INTRODUCTION
Dwarf novae are a subclass of non-magnetic cataclysmic
variable (CV), binary systems consisting of a Roche lobe fill-
ing late-type secondary star in the process of mass transfer,
via an accretion disc, onto a white dwarf primary. Sudden
increases in the accretion rate through the disc and onto the
white dwarf, most likely due to thermal instability, cause
outbursts of ∼ 2 − 5 magnitudes on timescales of weeks to
years. The SU UMa subclass undergo additional infrequent
superoutbursts, brighter by ∼ 1 mag and lasting ∼ 5 times
longer than ordinary outbursts, thought to be triggered by a
tidal resonance of the material in the outer disc. See Warner
(1995) for a comprehensive review.
Steady state theory predicts that half the accretion lu-
minosity from these systems is released in the disc, the other
half in the boundary layer between the disc and the white
dwarf. This is the region where the material of the disc is de-
celerated to match the surface velocity of the primary, and
in quiescence, it is believed to consist of an optically thin
gas emitting relatively hard (∼ 2− 20 keV) X-rays. In out-
burst, the accretion rate rises and the X-ray emitting region
is predicted to become optically thick, with a characteris-
tic emission of softer (∼ 0.1 − 1.0 keV) X-rays (Pringle &
Savonije 1979). Provided the primary is not spinning fast,
the boundary layer is thought to be the dominant source of
the X-ray emission from non-magnetic CVs (Pringle 1977).
Observations have, to a great extent, borne out the the-
oretical predictions. Those systems where the white dwarf,
bright spot and accretion disc are all eclipsed allow in prin-
ciple the simplest observational test to determine the source
of the X-ray emission: if it is in the vicinity of the white
dwarf, as expected for a boundary layer, then there will be
an eclipse of the X-ray flux. In general these X-ray observa-
tions are a few tens of kiloseconds in length and require the
binning of the data. The location of the X-ray source can
be further pinpointed by comparing the X-ray light curves
with optical light curves.
Of the high inclination dwarf novae, three have so far
been examined in this way. A ROSAT observation of HT
Cas in the low state showed an eclipse (Wood et al. 1995a);
this system was subsequently observed in quiescence by both
ROSAT and ASCA (Mukai et al. 1997), the latter observa-
tion of sufficient quality to allow approximate source dimen-
sions to be extracted from the X-ray data. In addition, van
Teeseling (1997) has observed an eclipse of the X-ray flux
from Z Cha in quiescence, while Pratt et al. (1999) have
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Figure 1. The light curve of OY Car during the 1994 Jan superoutburst, from observations supplied by the VSS RAS NZ. Our optical
data, obtained on the decline, and the times of the ROSAT observations (R) are also shown. The optical data have been converted to
Oke AB magnitudes using AB = −2.5 log fν − 48.60 (Oke 1974).
confirmed that the X-ray source in OY Car is also eclipsed
in quiescence.
Observations of dwarf novae in outburst or superout-
burst are difficult due to their inherent unpredictability and
the short timescales (at least in terms of satellite response
times) involved. Generally, the hard X-ray emission is seen
to drop in many systems during outburst, often accompa-
nied by a surge in the soft X-ray flux. The deepest insights
into the outburst state can again be derived from obser-
vations of the high inclination systems. Perhaps most in-
terestingly, the EXOSAT observation of OY Car by Naylor
et al. (1988) showed that there was no X-ray eclipse dur-
ing superoutburst. Contemporaneous observations at other
wavelengths (Naylor et al. 1987, 1988) inferred considerable
vertical structure in the outer disc, causing material to block
the view of the central regions at all orbital phases. This in-
terpretation is supported by the lack of eclipse in the ROSAT
PSPC observation of the high inclination novalike variable
UX UMa (Wood, Naylor & Marsh 1995), which is believed to
be similar to a dwarf nova in a state of permanent outburst.
Additionally, advances in eclipse mapping have recently al-
lowed modelling of outburst discs: HST UV observations of
Z Cha at normal outburst peak by Robinson et al. (1995)
reveal a flared disc with an opening full-angle of α = 16◦.
Thus it appears that in the case of OY Car in superoutburst,
we are seeing the X-ray flux from an extended (or ‘coronal’)
source, and not from the boundary layer directly, a result of
the obscuration due to a physically thick, vertically extended
disc.
Discrepancies exist between boundary layer theory and
observation, however. The most famous (and still unsolved)
problem remains the fact that the X-ray luminosity rarely
approaches the predicted value, being typically down by an
order of magnitude on the optical+UV luminosity from the
disc. The ratio is most discrepant for the optically thick
cases, where the accretion rate is high, such as in the case of
dwarf novae in outburst, or novalike variables (van Teesel-
ing & Verbunt 1994). One possible explanation is that the
difference is due to loss of kinetic energy in the wind that
is often observed to come from the inner regions of the ac-
cretion disc during high mass transfer episodes. Another is
a combination of this wind energy loss in conjunction with
enhanced absorption due to the outburst. EUVE observa-
tions of U Gem in outburst have shown that the spectrum
is composed of emission lines, likely produced in the corona
or wind, and a highly absorbed blackbody-like continuum
(Long et al. 1996). Another explanation, applicable to both
high and low accretion rate systems, may simply be that the
white dwarf is spinning fast. The low LX/Lopt+UV ratio is
also observed in quiescence (e.g., Belloni et al. 1991); here
it may be due to the non-steady state conditions caused by
the mass accretion rate onto the primary being lower than
the mass flux rate through the outer disc.
OY Car is one of the best studied of the dwarf novae,
mainly because it is a fully eclipsing system with an incli-
nation angle of 83◦. But with the benefits of a full eclipse
come other difficulties, chief among them the effect of the
disc, which is seen nearly edge on in OY Car. We know that
the disc becomes physically thick during outburst and super-
outburst (see e.g., Naylor et al. 1988, Robinson et al. 1995),
but we do not know the extent of the contribution this has to
the overall rise in the local absorption during these episodes.
The extent of the absorption to OY Car, both interstellar
and local, is still very much a mystery. Horne et al. (1994)
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Table 1. Journal of X-ray observations.
State Date HJED start Phase covered Duration Source count rate a
(seconds) (counts s−1 × 10−2)
Superoutburst (244 9300+)
1994 Feb 4 88.492 0.885–0.916 160 4.8± 1.7
. 88.499 0.997–0.224 1240 3.7± 0.5
1994 Feb 5 89.419 0.579–0.600 112 −0.4± 0.6
. 89.427 0.709–0.945 1288 3.0± 0.5
1994 Feb 7 91.352 0.197–0.433 1288 2.5± 0.4
1994 Feb 8 91.799 0.277–0.599 1624 2.5± 0.4
. 91.870 0.405–0.428 80 3.0± 2.0
. 91.879 0.549–0.716 904 2.2± 0.5
. 91.891 0.745–0.839 512 1.7± 0.6
. 91.930 0.353–0.404 280 3.9± 1.2
Average 2.8± 0.2
Quiescence (244 9500+)
1994 July 5 38.916 0.003–0.088 464 8.0± 1.3
. 39.313 0.296–0.398 560 8.0± 1.2
1994 July 6 40.473 0.664–0.670 32 0.5± 1.3
1994 July 7 40.508 0.229–0.328 544 8.7± 1.3
Average 8.1± 0.7
a This is the time-averaged count rate from the source after background subtraction. The errors quoted are
Poissonian
use HST observations of OY Car in quiescence to deduce
the existence of a significant local absorption due to a veil-
ing material, subsequently modelled by a solar abundance
LTE gas. Horne et al. dubbed this veiling gas the ‘iron cur-
tain’ after Shore (1992); mainly due to the existence of many
blended FeII lines in its spectrum. They derive a column den-
sity of nH ≃ 10
22 cm−2, which, as pointed out by Naylor
& la Dous (1997), is sufficient to absorb much of the soft
X-ray emission from the boundary layer. If the absorption
is this high in quiescence, how much more local absorption
is added during outburst and superoutburst?
The aim of the observations herein is to address not only
the extent of the thickening of the disc during superoutburst
and the question of the absorption to the X-ray source, but
also the missing boundary layer problem. To this end, we
present contemporaneous optical and ROSAT X-ray obser-
vations of the eclipsing SU UMa system OY Car in super-
outburst, together with a later ROSAT X-ray observation
of the system in quiescence. We compare past and present
X-ray observations of OY Car with previous observations of
the canonical low inclination SU UMa system, VW Hydri,
in order to illustrate the effects of the disc in the high in-
clination case. The high time resolution optical photometry,
obtained at the end of the superoutburst peak and on the
decline, enables us to use a new version of the eclipse map-
ping method (originally developed by Horne (1985), since
updated to include disc flaring, e.g. Robinson et al. 1995,
Wood 1994) to investigate the extent of the physical flaring
of the disc as the system returns to quiescence. We use the
quiescent ROSAT X-ray observation to delimit the extent of
the absorption in quiescence, and compare this to the results
from the HST data from Horne et al. (1994).
Section 2 describes the X-ray and EUV observations
and reduction, in Section 3 we describe the analysis of the
X-ray data, Section 4 describes the superoutburst optical
data, and in Section 5, we discuss our results and compare
and contrast to those found previously for VW Hyi.
2 OBSERVATIONS AND DATA REDUCTION
Monitoring observations made by the Variable Star Section
of the Royal Astronomical Society of New Zealand (VSS
RAS NZ) reveal that OY Car underwent a superoutburst
on 1994 February 1, stayed at maximum for 7 days, and re-
turned to quiescence over a subsequent 13 day period. The
first X-ray observation, obtained with the ROSAT High Res-
olution Imager (HRI; David et al. 1991) was taken at the
height of the superoutburst. The optical observations were
taken at the end of the superoutburst plateau and on the de-
cline, and so the full dataset includes one contemporaneous
optical/X-ray observation (1994 Feb 8). The second X-ray
observation took place in 1994 July, when the quiescent OY
Car was observed with the ROSAT Position Sensitive Pro-
portional Counter (PSPC; Pfeffermann & Briel 1986). Both
the superoutburst and the quiescent ROSAT observations
had simultaneous Wide Field Camera (WFC; Sims et al.
1990) coverage.
Figure 1 shows the magnitude of OY Car before, dur-
ing, and after the 1994 Jan superoutburst, using both data
from the VSS RAS NZ and our own optical observations.
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The figure also shows the timing of the X-ray observations
relative to the optical observations. Exact times are given in
Table 1.
The orbital period of OY Car is ∼ 91 min, very simi-
lar to the ∼ 96 min orbit of ROSAT. The orbital phase of
OY Car as seen by the satellite thus precesses through the
satellite orbit (with a stepsize of ∼ 5 min per orbit), ne-
cessitating careful scheduling of observations to obtain the
required phase coverage. For the remainder of this paper, to
avoid confusion when referring to the X-ray data, we will
use ‘observation’ to describe the actual n-day baseline over
which the individual ‘datasets’ were obtained.
2.1 X-ray and EUV observations
2.1.1 Superoutburst
OY Car was observed by the ROSAT HRI for a total of 7.4
kiloseconds between 1994 February 4 and 1994 February 8,
with an observation start time of 1994 February 4 23:43:33
UT (HJED 244 9388.489 639). The dates, times and dura-
tions of the individual X-ray observation datasets are given
in Table 1, the journal of X-ray observations.
The data were reduced using ASTERIX software. We ex-
tracted source counts from a circular region of radius 150
arcsec. The background annulus, centred on the source,
had inner and outer radii of 200 arcsec and 600 arcsec re-
spectively. These dimensions were chosen for compatibil-
ity with those used in the comprehensive compilation of
ROSAT CV observations by van Teeseling, Beuermann &
Verbunt (1996). Source and background data were then
binned into 1s bins and background subtracted. The result-
ing background-subtracted total flux light curve was cor-
rected for vignetting, dead time, and scattering. Lastly, all
times were converted to HJED.
The ROSAT WFC observed OY Car for 26.6 kilosec-
onds on 1994 February 5 and 5.9 kiloseconds on 1994 Febru-
ary 7, with the S1a filter, which is sensitive to the spectral
range 90 - 206 eV. The data were extracted using ASTERIX
and WFCPACK software. Using a source radius of 5′ and a
background annulus, centred on the source, of inner and
outer radii 10′ and 20′ respectively, we estimate a 3σ upper
limit to the superoutburst count rate of 1.2 × 10−3 counts
s−1.
2.1.2 Quiescence
OY Car was observed in quiescence with the ROSAT PSPC
between 1994 July 5 and 1994 July 7 for a total of 1.6 kilo-
seconds. OY Car was in the middle of a quiescent spell -
the previous normal outburst took place on 1994 May 30,
and the subsequent superoutburst occurred on 1994 Decem-
ber 11. The start time of the observations was 1994 July 5
09:55:55 UT (HJED 244 9538.915 388). Information about
these X-ray observations can also be found in Table 1.
The observations were taken off-axis and with a space-
craft wobble to avoid vignetting by PSPC support wires,
so the source and background counts were extracted from
larger regions than those used for the superoutburst data.
The data were again reduced using the ASTERIX package.
The radius of the source region used was 250 arcsec, while
Table 2. Journal of optical observations
UT Date UT start Duration
(sec)
1994 Feb 8 06:21:22 9452
1994 Feb 9 07:26:04 5647
1994 Feb 10 08:12:09 3606
1994 Feb 11 07:24:47 6358
1994 Feb 12 07:26:03 6324
1994 Feb 13 07:22:58 6521
1994 Feb 14 06:32:42 8641
1994 Feb 15 06:48:22 8427
the inner and outer radii for the background annulus, cen-
tred on the source, were 300 arcsec and 900 arcsec, respec-
tively. These dimensions were again chosen for compatibility
with van Teeseling et al. (1996). These data were then cor-
rected as described for the superoutburst data.
In addition, the spectrum from channels 11 to 235 was
extracted in 1 second bins. It was then binned, using FTOOLS,
into 11 spectral bins so that there were at least 5 counts in
each bin.
The WFC also observed OY Car for a total of 4.9 kilo-
seconds on 1994 July 5 with the S1a filter. The data were
reduced using ASTERIX and WFCPACK software. There was
again no detection, and using the method described for the
superoutburst data, the 3σ upper limit found for the quies-
cent count rate is 1.5 × 10−3 counts s−1.
2.2 Optical observations
High time resolution optical photometry was obtained on
the 1m telescope at CTIO, Chile. The dates and times of
each observation are presented in Table 2, the journal of
optical observations. The Automated Single-Channel Aper-
ture Photometer (ASCAP) was used in conjunction with
a Hamamatsu R943-02 photomultiplier tube. All observa-
tions were taken using an integration time of 5 sec through
a CuSO4 filter. This filter has a wide bandpass (3300-5700
A˚) which gives a broad B response, but includes a substan-
tial amount of U . The counts per 5 sec were corrected for
atmospheric extinction and phased with the orbital period
using the updated ephemeris of Pratt et al. (1999).
3 THE X-RAY DATA
3.1 The Superoutburst X-ray light curve
The average count rates decline during the course of the
observation, but recover by the last dataset. We divided the
observation into two groups along the lines of the natural
break in the datasets (Feb 5/Feb 7), and found that there is
a negligible drop in the average count rate between the first
three datasets, Set 1, and the last five, Set 2.
The total superoutburst light curve was obtained by
folding all the datasets into 24 bins on the orbital period
of OY Car using the ephemeris of Pratt et al. (1999). The
duration of each bin was marginally smaller, at 227.2 s, than
the totality of the white dwarf eclipse as given in Wood et
al. (1989), of 231.2 s. The starting point of the binning was
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Figure 2. The effective exposure times of each of the 24 phase
bins used in the generation of the superoutburst X-ray light curve.
chosen so that one phase bin was exactly centred on phase
zero. The effective exposure time of each of the 24 bins is
illustrated in Figure 2. The phase coverage in the data was
such that ∼ 97 per cent of the orbit was covered, including
one eclipse. The resulting phase-folded superoutburst light
curve can be seen in Figure 3. The large error bars on the
bin centred on phase φ = 0.95 are due to the poor coverage
in this bin. This lack of coverage extends ∼ 25 per cent into
the white dwarf eclipse phase bin at phase φ = 0.0.
The mean out of eclipse flux is (2.8±0.2)×10−2 counts
s−1, while the flux in WD eclipse is (3.8±1.7)×10−2 counts
s−1. We can thus ascertain that there is no total eclipse of
the X-rays in the vicinity of the white dwarf at the 2.2σ
level.
If we instead take only the first four datasets, which
cover the eclipse phase, and apply the above analysis, we
find that there is no eclipse of the X-ray flux at the 2.3σ
level.
3.2 The Superoutburst Luminosity
As the ROSAT HRI data contains no spectral information,
we have used the total time-averaged count rate in order
to make a rough estimate of the intrinsic luminosity of the
system in superoutburst.
The derivation of an approximate luminosity in su-
peroutburst involved generating simulated spectra within
XSPEC. As a basis for a temperature estimate, we used
kT = 6.0 keV, the dominant temperature found for the
high energy spectrum of VW Hyi by Wheatley et al. (1996).
The simulated spectra were normalised to the count rate of
our observation, with intervening absorptions of 1020, 1021,
and 1022 cm−2 included in the models. The nH parame-
ter is completely unknown for the superoutburst case. As
discussed in the introduction, it is likely that the local ab-
sorption becomes the dominant contributor to the global
column in superoutburst as a result of the inclination of the
system. Removal of the estimated total intervening absorp-
tion allowed the calculation of the corresponding intrinsic
luminosities. Using a distance of 82 pc (Wood et al. 1989)
and a bandpass of 0.001 to 20 keV for a ‘bolometric’ value,
Table 3. Photon-channel bandpasses for the binned quiescent
spectrum of OY Car
Bandpass Channels Energy Count Rate
(keV) (×10−3)
A 11-41 0.1-0.5 4.5
B 52-201 0.6-2.4 33.8
C 52-90 0.6-1.1 11.6
D 91-201 1.1-2.4 22.3
D1 91-150 1.1-1.8 20.3
D2 151-201 1.8-2.4 1.9
the resulting superoutburst luminosity as deduced by this
method is LX ∼ 2× 10
32 erg s−1.
3.3 Spectral analysis of the quiescent data
The PSPC data obtained in quiescence covered only ∼ 30
per cent of the orbital phase with no coverage at phase zero,
making it impossible to search for an X-ray eclipse of the
boundary layer. We were, however, able to use the spectral
information of the PSPC observations to place constraints
on the X-ray emitting source at quiescence.
First, the PSPC spectrum was binned into the photon
channel bandpasses summarised in Table 3, and the count
rates for each bandpass calculated. The average hardness
ratio is defined as (B − A)/(B + A); our analysis indicates
a value of (B − A)/(B + A) = 0.77 ± 0.22 for OY Car in
quiescence.
3.3.1 Spectral fitting
The spectral data were analysed using XSPEC software. We
were unable to produce formal fits to the spectrum with
three free parameters (the temperature, kT , the column den-
sity, nH , and the normalisation) using the χ
2-minimisation
routines within XSPEC because of the poor signal to noise of
the observation.
In order to explore the parameter space and estimate
limits on the temperature and column density, we chose rep-
resentative values of kT and nH , based on previous ROSAT
PSPC observations of the similar systems of near identical
inclination in quiescence. The X-ray spectra of both HT Cas
and Z Cha have been fitted with single component thermal
Bremsstrahlung models, with temperatures of 2.4 keV in
the case of HT Cas (Wood et al. 1995a) and 4.4 keV for Z
Cha (van Teeseling 1997). We also used the 6.0 keV tem-
perature found for the optically thin plasma (e.g., Mewe et
al. 1985) model fit to the EUV/X-ray spectrum of VW Hyi
by Wheatley et al. (1996). Model fits to the X-ray spectra
of various high-inclination non-magnetic CVs have yielded
typical values of nH ∼ 10
20
− 1021 cm−2 for the absorption,
and we also adopted the value of nH = 10
22 cm−2 from the
quiescent HST UV study of OY Car by Horne et al. (1994).
Within XSPEC, we then allowed the normalisation to be a
free parameter, freezing the chosen values of kT and nH .
Table 4 gives values for the normalisation, emission
measure and luminosities for the temperatures and absorb-
ing columns under consideration. In general we found that
lower temperatures produced higher values of χ2.
We also attempted to fit the quiescent spectrum with a
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Figure 3. The upper panel shows the ROSAT HRI superoutburst X-ray light curve folded, in 24 bins, on the orbital period of OY Car.
The lower panel shows the background light curve scaled to the dimensions of the source extraction circle. All error bars are Poissonian.
Figure 4. The ROSAT PSPC spectrum of OY Car in quiescence. Each line shows a thermal Bremsstrahlung
spectrum with kT = 2.4 keV folded through the instrumental response. The different absorbing columns are: solid:
nH = 10
20 cm−2, long dash: nH = 10
21 cm−2, and dot-dash: nH = 10
22 cm−2.
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dual-absorption model, including both neutral and ionized
absorbers. While the fits were formally as good as those
discussed previously, the quality of the data does not allow
us to constrain the contributions of each component.
A representative thermal Bremsstrahlung spectrum of
kT = 2.4 keV and column densities of nH = 10
20, 1021
and 1022 cm−2, folded through the instrumental response, is
shown in Figure 4. The figure shows that a single-component
column density of 1022 cm−2 does not agree with the data
for this temperature. Similar results are found for the other
temperatures under consideration.
We used the values obtained for the normalisation as
a result of the spectral investigation to calculate the corre-
sponding emission measure. The emission measure is a ro-
bust physical determination because, as can be seen from
Table 4, a factor of 100 change in the column density pro-
duces only a factor 7 change in the emission measure. The
relatively low emission measures, of order 1053 cm−3, in Ta-
ble 4, agree with the observations of other high-inclination
systems in van Teeseling et al. (1996).
Finally, within XSPEC, we estimated the luminosity of
OY Car in quiescence (Table 4), using the temperatures
and column densities mentioned earlier. We used the same
values for the distance and bandpass as for the superout-
burst luminosity, Section 3.2. The quiescent X-ray luminos-
ity cannot be constrained by this method to any better than
LXq ∼ 10
30−31 erg s−1.
4 THE SUPEROUTBURST OPTICAL DATA
4.1 Optical light curves
The overall behaviour of the system over the eight days of
observations is shown in Figure 5. The decline in flux is
marked over the period of the observations, with an espe-
cially sharp drop (∼ 28 per cent) between the light curves
of Feb 13 and Feb 14. Figures 6 and 7 show the individual
optical light curves obtained over the period from 1994 Feb
8 to 1994 Feb 15, phased onto the orbital period of OY Car.
The apparent rise in flux between the observations of
1994 Feb 8 and 1994 Feb 9 is real. Much of the excess flux in
the light curve of Feb 9 appears to come from the large su-
perhump feature. Orbital coverage is such that it is difficult
to find a ‘continuum’ level from which to make a quantita-
tive estimate of the flux rise, but if we take the flux imme-
diately after eclipse as a ‘continuum’ level, then the rise in
flux above the average flux level of the previous day is ∼ 20
per cent.
The early eclipses appear to be roughly symmetric, but
become increasing asymmetric as the decline progresses. On
Feb 14, the superhump is at φ ∼ 0.2, and the eclipse shape
is strikingly similar to that for quiescence; however, by Feb
15, the superhump is at φ ∼ 0.8, and the feature previ-
ously identified as the bright spot egress gives way again
to a more round-bottomed eclipse. For the ‘most quiescent’
light curve, that of Feb 14, we used the method of Wood,
Irwin & Pringle (1985) to measure the half-flux points of
the eclipse, which in quiescence correspond to mid-ingress
and egress of the white dwarf. We found a value of 255 s
for the eclipse width, slightly longer than that of the white
dwarf eclipse in quiescence (231s; Wood et al. (1989)), and
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Figure 5. All the optical light curves of OY Car obtained at the
end of the superoutburst of Feb 1994. The decline in flux over the
period in question is clearly seen. The observations taken on 1994
Feb 14 and 15 are virtually at the quiescent level.
a value that probably results from an over-estimation due
to the superhump feature that is near the eclipse.
The superhumps themselves show marked variations.
On Feb 8 and Feb 9, the superhump is ∼ 0.25 mag; it be-
comes less distinct on Feb 11 and Feb 12, and again becomes
visible from Feb 13. Also visible are dips arising from self-
absorption, similar to those seen in HST observations of OY
Car in superoutburst by Billington et al. (1996). They can
be attributed to obscuration of the central parts of the disc
by the superhump material itself, explained by Billington et
al. (1996) as time dependent changes in the thickness of the
disc at the outer edge. This azimuthal asymmetry is dis-
tinct from the wholescale physical flaring of the disc. The
best example of the dip phenomenon is in the light curve of
Feb 8, where it can be seen to occur in the superhump over
two consecutive orbital periods. The dips also come and go
over the course of our observations, being visible in the light
curves of Feb 8, 9, 13, and 15, but not visible in the light
curves of Feb 10, 11, 12 and 14. The superhump peaks are
difficult to define when the dips are significant. Calculations
using an approximate superhump ephemeris reveal that the
superhumps visible in the light curves of Feb 14 and Feb 15
are late superhumps, shifted in phase from the normal su-
perhumps by 180◦. Both the late superhump (φ ∼ 0.25) and
a faint quiescent orbital hump (φ ∼ 0.85) can be seen in the
light curve of Feb 14. The late superhump visible in the Feb
15 light curve is enhanced in intensity due to a coincidence
with the quiescent orbital hump.
4.2 The superoutburst disc
4.2.1 Introduction
To investigate the surface brightness distribution of the
disc during the superoutburst, we used the eclipse mapping
method developed by Horne (1985). The original method
rests on three basic assumptions:
• The surface of the secondary star is given by its Roche
potential,
• The accretion disc lies flat in the orbital plane, and,
c© 0000 RAS, MNRAS 000, 000–000
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Table 4. Table of quiescent luminosities and emission measures. The ‘normalisation’ is
the normalisation of the thermal Bremsstrahlung model in XSPEC, given by K = (3.02 ×
1015)/4piD2EM , where D is the distance (in cm) and EM is the emission measure. A band-
pass of 0.001 - 20 keV is assumed to be bolometric.
kT nH Normalisation EM × 10
53 Intrinsic luminosity χ2
(keV) (×1022 cm−2) (×10−4) (
∫
nenIdV ) (erg s
−1) (ν = 10)
1.0 0.01 4.24± 1.52 1.13± 0.41 9.15× 1029 14.70
2.4 0.01 3.59± 1.21 0.96± 0.32 1.16× 1030 10.33
4.4 0.01 3.59± 1.19 0.96± 0.32 1.53× 1030 9.14
6.0 0.01 3.69± 1.21 0.98± 0.32 1.80× 1030 8.77
1.0 0.1 7.31± 2.41 1.95± 0.64 1.58× 1030 11.22
2.4 0.1 5.32± 1.73 1.42± 0.46 1.72× 1030 9.03
4.4 0.1 5.09± 1.64 1.36± 0.44 2.17× 1030 8.51
6.0 0.1 5.16± 1.66 1.38± 0.44 2.52× 1030 8.30
1.0 1.0 45.46± 11.44 12.11 ± 3.05 9.80× 1030 13.36
2.4 1.0 24.59± 7.53 6.55± 2.01 7.95× 1030 15.77
4.4 1.0 21.49± 6.85 5.73± 1.83 9.17× 1030 16.57
6.0 1.0 21.10± 6.79 5.62± 1.81 1.03× 1031 16.88
• The emitted radiation is independent of the orbital
phase, i.e., the observed surface brightness distribution of
the disc remains fixed with respect to the binary.
The method thus allows deconvolution of the eclipse
profile. This is achieved by comparing, using maximum en-
tropy methods, the observed intensity distribution with a
default distribution specified by the above items and the
parameters of the system. The brightness of the observed
disc is then determined, subject to two constraints:
• Agreement between the calculated and observed light
curves is achieved by the use of the χ2 statistic, and,
• To allow a choice of one of the many possible disc light
distributions, the disc template map and light curve must
be as close to axisymmetric as possible.
The eclipse mapping program used in our analysis is an
extension of Horne’s original code that allows a flared disc,
i.e., one that increases in thickness outward from the centre,
but is not concave. For this Section and the remainder of
the paper, we will use α to denote the opening angle of the
disc. Thus α/2 is the flare half angle. That the line of sight
must intercept the disc surface constrains the allowed flare
angles to α/2 < 90− i, which in our case is < 7◦.
4.2.2 Method
The disc dominates the flux at the optical bandpass used,
thus the contribution from the secondary will be negligible.
In choosing which light curves to map, we avoided those
in which eclipses were contaminated with superhump light,
as the presence of this excess light can affect the disc light
distribution and cause spurious artifacts, especially if near
phase zero. For our data set, it is clear that the light curves
of 1994 Feb 8, 10, 11, 13, and 15 exhibit signs of super-
hump light contamination of the eclipse phase. These light
curves also show dips, discussed above; these would ren-
der our eclipse mapping program invalid, as in this case
α/2 > 90− i. We thus chose to map the light curves of 1994
Feb 9 and 12. We also attempted to map the light curve
of Feb 14, but the poor signal to noise of the observation
made this difficult and introduced too much uncertainty for
a realistic disc map.
The February 9 and February 12 data were each divided
into 40 bins for orbital phase −0.2 ≤ φ ≤ 0.2. We found
that simple Poissonian statistics produced uncertainties that
were small when compared to the intrinsic flickering of the
data, so we adopted a constant percentage error derived from
the ratio of the flickering to the average flux out of eclipse,
thus giving what we regard as a more realistic measure of
the errors. This constant percentage error was different for
each data set, as the mean out of eclipse flux has dropped by
a factor ∼ 40 percent in the 3 day period between the light
curves. We used a mass ratio q = 0.102, a distance D =
82 pc, and inclination i = 83.3◦ as standard parameters,
all from Wood et al. (1989), and a Cartesian grid of 69 ×
69 pixels, with the white dwarf at the centre, to cover the
accretion disc plane.
We initially started mapping the light curves with a
flat disc. This produced maps with a pronounced front-back
asymmetry and a high value of χ2, as would be expected
if the flare had been ignored (Wood 1994). We then began
mapping the data with a flared disc, gradually incrementing
the value of the disc opening angle, α, from the flat case.
This produced an immediate improvement in the front-back
asymmetry and reduced the value of χ2. By using a com-
bination of the front-back asymmetry and χ2 diagnostics,
we arrived at acceptable fits to each light curve. The cor-
responding disc opening angles were α = 11◦ for the 1994
Feb 9 light curve, and α = 10◦ for the Feb 12 light curve, re-
spectively. The resulting contour maps and associated radial
brightness temperature distribution in the discs of February
9 and February 12 can be seen in Figures 8, 9, 10, and 11,
respectively. For comparison, the disc map and temperature
distribution obtained when the light curve of Feb 12 is fitted
with a flat disc are shown in Figures 12 and 13. Figure 14
shows the light curves calculated from the flat and flared
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Figure 6. Four optical light curves of OY Car in superoutburst. The x-axis is orbital phase, the y-axis mJy.
Note that the scale of the y-axis changes from Feb 9 to Feb 10.
Figure 7. Four more optical light curves of OY Car on the decline from superoutburst. The x-and y-axes
are as for figure 6. Note that the scale of the y-axis has changed.
disc maps, plotted with the actual data. It is obvious that
the flared disc is a far better fit to the data.
5 DISCUSSION
5.1 OY Car and VW Hyi in the EUV and X-ray
In this section, we discuss X-ray and EUV observations of
VW Hyi and OY Car in order to address the question of
whether or not the behaviour of OY Car in this wavelength
range is typical for an SU UMa-type dwarf nova. Interpreta-
tion of the X-ray data from these two systems involves the
consideration of several important interconnected factors:
• Firstly, OY Car is an eclipsing system, whereas VW Hyi
is not.
• Secondly, the absorption to the X-ray source must be
taken into account. The absorption can have a maximum of
three possible components. First and foremost there is the
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Figure 8. The reconstructed surface brightness in the disc of
February 9. The flare angle is θ = 11◦. The contour scale is loga-
rithmic, with a contour interval of 0.2 decades.
Figure 9. The brightness temperature distribution in the Feb
9 disc. Models of steady state optically thick for, from top to
bottom: M˙ = 10−9, 10−10, and 10−11 M⊙ yr−1, are also shown.
interstellar absorption, which for VW Hyi is the lowest of all
dwarf novae, at nH ∼ 6 × 10
17 cm−2 (Belloni et al. 1991),
but which is unknown in the case of OY Car. Secondly, there
is the local absorption due to the presence of the ‘iron cur-
tain’ of material which veils the white dwarf in quiescence
(Horne et al. 1994) and possibly outburst. Lastly, in the case
of high inclination systems in outburst and superoutburst,
there is the effect of disc edge absorption, a consequence of
the material of the disc edge obscuring the central regions
while flared. This last effect can be seen in the dips of the op-
tical light curves in this paper, while Billington et al. (1996)
find dips in HST lightcurves of OY Car in superoutburst
that are coincident with the optical superhump maximum.
Figure 10. The reconstructed surface brightness in the disc of
February 12. The flare angle is θ = 10◦. The contour scale is
logarithmic, with a contour interval of 0.2 decades.
Figure 11. The brightness temperature distribution in the Feb
12 disc. Models of steady state optically thick for, from top to
bottom: M˙ = 10−9, 10−10, and 10−11 M⊙ yr−1, are also shown.
It is not known whether the ‘iron curtain’ phenomenon is
connected to the disc, although the fact that to date, the
‘iron curtain’ has only been seen in high inclination systems
certainly suggests that this is so. There is no known way of
disentangling the effect of absorption due to the material of
an ‘iron curtain’ from that of a disc seen nearly edge-on.
• Lastly, the spectral responses of the various X-ray satel-
lites are all different – the responses depend on the instru-
ment and detector used aboard the observing satellite. Ta-
ble 5 summarises the instruments (and their respective spec-
tral ranges) aboard the EUV/X-ray satellites relevant to this
discussion, viz, EUVE, EXOSAT, ROSAT, and GINGA. A
comparative illustration of the effective areas and spectral
responses of the instruments aboard EXOSAT and ROSAT
can be found in Figure 9 of Wheatley et al. (1996).
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Figure 12. For comparison, this is the reconstructed surface
brightness in the disc of February 12 using a flat disc model.
The contour scale is logarithmic, with a contour interval of 0.2
decades.
Figure 13. The corresponding brightness temperature distribu-
tion in the Feb 12 disc when fitted with a flat disc model. Models
of steady state optically thick for, from top to bottom: M˙ = 10−9,
10−10, and 10−11 M⊙ yr−1, are also shown.
VW Hyi is perhaps the best studied low inclination SU
UMa dwarf nova, bright in the optical (mv(max) ∼ 9.5,
mv(min) ∼ 13.3), and observed to undergo regular outbursts
(Tn ∼ 30d; Ritter 1997), and superoutbursts (Ts ∼ 180d;
Ritter 1997). Its brightness is to some extent due to the low
interstellar absorption to the system; it has thus been well
studied in all wavelengths, including the X-ray.
5.1.1 Summary of observations to date
Table 5. Instruments, filters, and spectral energy ranges of recent
EUV and X-ray satellites.
Satellite Instrument name Range (keV)
EUVE Lex/B scanner 0.07 - 0.25
Al/Ti/C scanner 0.05 - 0.08
SW spectrometer 0.07 - 0.18
MW spectrometer 0.03 - 0.09
LW spectrometer 0.02 - 0.04
EXOSAT Low Energy (LE)
3000-Lexan 0.05 - 1.77
4000-Lexan 0.07 - 1.77
Al-Par 0.04 - 1.77
Medium energy (ME) 1 - 20
5 - 50
ROSAT WFC
S1a 0.09 - 0.21
S2a 0.06 - 0.11
PSPC/HRI 0.1 - 2.5
GINGA Large Area Counter 2 - 30
5.1.1.1 EUV data VW Hyi is the only dwarf nova to
be detected in quiescence by the ROSAT WFC, likely a
consequence of the low interstellar column in this direction.
VW Hyi was not observed above background in quiescence
by either of the detectors aboard EUVE during the all-sky
survey phase.
VW Hyi has also been detected in outburst with the
ROSAT WFC, although this was during the all-sky survey
phase. VW Hyi has been detected in superoutburst with the
EUVE. Mauche (1996) shows different count rates depend-
ing on the spectrometer, with the count rate rising for the
duration of the observation across all three detectors. The
corresponding EUV spectrum of VW Hyi is shown to peak
longward of 0.07 keV, and does not extend shortward of 0.12
keV. In Section 2 we show that OY Car was not detected
by the ROSAT WFC during the 1994 Jan superoutburst.
5.1.1.2 X-ray data Fits to the quiescent X-ray spec-
trum of VW Hyi have produced various values for the tem-
perature of the emitting gas, typically yielding kT < 10 keV,
depending on the spectral response of the satellite involved.
Belloni et al. (1991), produced a quiescent temperature of
kT = 2.17 ± 0.15 keV when the ROSAT PSPC observation
was fitted with a single-component Raymond-Smith opti-
cally thin thermal plasma with line emission at ∼ 1 keV.
Wheatley et al. (1996) extended the analysis further by com-
bining the ROSAT PSPC observation of Belloni et al. with
ROSAT WFC EUV data at the low end andGINGA hard X-
ray data at the high end, giving unprecedented wavelength
coverage of the high-energy spectrum of VW Hyi. Wheatley
et al. fitted this combined spectrum with single and two-
temperature Mewe optically thin plasma models, with and
without line emission. They found that the dominant contin-
uum temperature is ∼ 6 keV for both model types, although
they were unable to use the data to distinguish between
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Figure 14. A comparison of the light curves calculated from the reconstructed disc map of Feb 12 when modelled with a flat disc
(dashed) and a flared disc of opening angle α/2 = 5◦ (solid).
Table 6. Comparison of the EUV observations of OY Car and
VW Hyi.
OY Car VW Hyi
ROSAT WFC
Quiescence No detectiona 18.7± 2.7 cts s−1
Outburst Unobserved 0.08± 0.04 cts s−1
Superoutburst No detectionb Unobserved
EUVE
Quiescence Unobserved No detection
Outburst Unobserved ∼ 0.09 cts s−1c
Superoutburst Unobserved ∼ 1.0 cts s−1 (SW)
∼ 4.0 cts s−1 (MW)
∼ 2.0 cts s−1 (LW)
a 1.5× 10−3 cts s−1 upper limit
b 1.2× 10−3 cts s−1 upper limit
c In the AL/Ti/C detector during the all-sky survey phase
model types. For the two-temperature case, the components
are at temperatures of ∼ 6.0 keV and ∼ 0.7 keV.
Our ROSAT observation of OY Car in quiescence does
not contain enough information to do more than constrain
the X-ray spectrum and the absorption to the X-ray source.
We can however conclude that the quiescent spectrum of
OY Car is produced by a boundary layer at a typical tem-
perature for this type of object: i.e., kT < 10 keV.
OY Car and VW Hyi have been observed in an outburst
state by both EXOSAT and ROSAT, although in the case of
OY Car a normal outburst has never been caught. There is
an increase in the soft X-ray flux from both systems during
superoutburst (e.g., van der Woerd, Heise & Bateson, 1986;
Naylor et al. 1988), but the actual scale of the increase differs
— the increase is a factor of ∼ 100 for VW Hyi, whereas for
OY Car it rises only by a factor ∼ 3.
According to van Teeseling, Verbunt & Heise (1993), the
EXOSAT-observed superoutburst X-ray spectrum of VW
Hyi can be modelled in terms of either a single compo-
nent optically thin spectrum with 0.043 keV ≤ kT ≤ 0.43
keV, or a combination of a hot, optically thin component at
kT > 0.43 keV (which they tentatively identify with the 2.17
keV quiescent spectrum found by Belloni et al. 1991) and
a cooler, optically thick component at 0.034 keV < kT <
0.042 keV. Wheatley et al. (1996) prefer the optically thin
plus blackbody component interpretation for the spectrum
of VW Hyi in both outburst and superoutburst. They sug-
gest the superoutburst spectrum is a result of a drop of a
factor ∼ 3−4 in the hot quiescent optically thin component
and the rise of a very soft blackbody component that is easily
detected by the EXOSAT filters but not by the ROSAT in-
struments. In other words, the quiescent and outburst spec-
tra can both be explained in the context of a variation in the
relative strengths of just the two components. They find no
evidence for spectral change (from thermal Bremsstrahlung
to blackbody, for example) during outburst observations.
OY Car has now been observed by both EXOSAT and
ROSAT in superoutburst. The EXOSAT observation by
Naylor et al. (1988) suggested that the X-rays in the 1985
May superoutburst came from a large optically thin corona
at kT ∼ 0.43 keV, producing a luminosity of LXSOB ∼
1031− 1032 erg s−1. Our ROSAT superoutburst observation
of OY Car has a count rate comparable to the quiescent
count rate, taking into account the fact that different detec-
tors were used. This suggests that the ROSAT instruments
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are detecting a greater part of the hard, optically thin com-
ponent than the corresponding detectors aboard EXOSAT.
Table 6 summarises the EUV and X-ray observations of
OY Car and VW Hyi to date.
5.1.2 So, how similar are OY Car and VW Hyi?
The approximate X-ray luminosity of each system in each
state is shown in Table 7, from which it can be seen that the
luminosity of OY Car is consistently the lower of the two.
But this could be explained qualitatively in terms of the
three differentiating factors, namely: the satellite spectral
responses, the inclination and the absorption.
Satellite spectral responses can and do confuse the is-
sue. Wheatley et al. (1996) describe the evolution of the
X-ray spectrum of VW Hyi from quiescence to outburst as
the appearance of a very soft blackbody component accom-
panied by a change in the relative strengths of two optically
thin components. In quiescence, the optically thin compo-
nents dominate, while in outburst, the very soft blackbody
component rises to contribute most of the flux outside the
ROSAT bandpass. This component has disappeared by the
end of the outburst. Assuming that the same components
occur in OY Car, we must bear in mind that only the opti-
cally thin components can contribute to the ROSAT band-
pass. This suggests that we are underestimating the total
high-energy output of OY Car because neither the ROSAT
HRI or the PSPC are sensitive to the lower energy ranges.
Additionally, the inclination of the system is crucial.
The inclination of VW Hyi simply allows more of the X-
ray and EUV emitting boundary layer to be seen directly.
For OY Car however, although the boundary layer can be
seen in quiescence, during outburst/superoutburst there is
no direct line of sight because the disc has flared up and the
inclination is such that it blocks our view. There is increased
absorption seen in OY Car as there is far more material in
the orbital plane than there is in VW Hyi. The lack of X-ray
eclipse, together with the evidence of a disc with an opening
angle of 10◦ three days after the end of the superoutburst,
illustrate this effect. The significantly lower X-ray luminosity
in OY Car during superoutburst is another consequence of
this increased absorption.
5.2 Superoutburst: flared discs and the lack of
X-ray eclipse
5.2.1 Flare angles and temperature distributions
In the context of accretion disc mapping, the motivation
for considering flared discs has arisen from the poor fit-
ting, and the occurrence of spurious structure, that have
resulted from flat disc model fits to outburst and superout-
burst light curves. During outbursts of Z Cha (Warner &
O’Donoghue, 1988; Robinson et al. 1995) and OY Car (Rut-
ten et al. 1992a), bright rings around the outer edge of the
disc and/or front-back asymmetries were present in the re-
constructed disc when the light curve was mapped with a
flat disc. There are two interpretations for this phenomenon:
either the observed features are due to an uneclipsed light
source (e.g., the secondary star, or a large disc), or the disc
is exhibiting a physical flare. See the review by Wood (1994)
for further discussion.
Mapping light curves with flared discs has been at-
tempted at normal outburst maximum for both OY Car and
Z Cha. Rutten et al. (1992a) briefly considered a flared disc
in their optical examination of OY Car at normal outburst
peak. They used small opening angles and did obtain a sat-
isfactory fit to the light curve, but this caused a front-back
asymmetry to develop. Rutten et al. (1992a) prefer the un-
eclipsed light source interpretation, finally eliminating the
spurious features by subtracting 15 per cent of the flux be-
fore mapping.
However, the HST light curve of Z Cha at normal out-
burst maximum was mapped with a disc of opening angle
α = 16◦ by Robinson et al. (1995). The fact that by mid-
decline, the light curve could be modelled by an axisymmet-
ric flat disc, lends weight to the interpretation of these data
at outburst maximum as due to a flared disc.
We demonstrated in Section 4.2.2 that a disc with a
substantial flare exists in OY Car three days into the decline
from superoutburst. These are the first maps of a disc in the
superoutburst state that clearly show such flaring.
By way of illustrating the differences between observa-
tions and theory, we can calculate the theoretical flare angles
and compare these to the results from eclipse mapping.
The steady state theoretical flare angle is given by
(Shakura & Sunyaev 1973; Frank, King & Raine, 1985)
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Here the equation is normalised to solar values, and αv is
the viscosity. Assuming that the disc radius is approximately
equal to the tidal radius (rd ∼ rt), rt is approximated by
rt = rd =
0.6a
1 + q
(Warner 1995; after Paczynsky 1977), where a is the binary
separation and q is the mass ratio.
Using MWD = 0.685M⊙, a = 0.608R⊙, q = 0.102
(Wood et al. 1989), and assuming αv ∼ 1.0, we find a steady
state disc flare angle of α ≃ 2.6◦.
Alternatively, if we assume that the disc is in a non-
steady state, and that the disc includes radiative and con-
vective zones, then
hd
rd
∼ 0.038
(
M˙
1.587 × 10−10
) 3
20
(adapted from Smak 1992). Adopting M˙ ∼ 4 × 10−10M⊙
yr−1 (from Figure 11), gives α ≃ 5◦.
Thus the flare opening angle of OY Car on superout-
burst decline is considerably larger than that predicted by
either steady state or non-steady state theory.
We find a flare angle of α ≃ 10◦ for the disc of Feb 12;
however we note that limb darkening has not been taken into
account. The first steps towards including limb darkening in
eclipse mapping have recently been taken by Robinson and
collaborators, using the HST light curve previously mapped
with a flared disc of opening angle α/2 = 8◦ (Robinson,
Wood and Wade 1999). The net result of including the limb
darkening in their analysis of this UV data set is to reduce
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Table 7. Intrinsic luminosity values for OY Car and VW Hyi. Very approximate, uncorrected for
inclination.
System State LX LUV
a Lopt+UV
b LX/LUV LX/Lopt+UV
(erg s−1) (erg s−1) (erg s−1)
OY Car quiescent ∼ 1030 1.7× 1031 2.5× 1031 0.06 0.04
superoutburst ∼ 2× 1032 1.4× 1032 3.5× 1032 0.07− 1.43 0.03− 0.57
VW Hyi quiescent ∼ 1031 9.1× 1031 1.4× 1032 0.11 0.07
superoutburst ∼ 1034 1.2× 1034 1.6× 1034 0.83 0.63
a Calculated using FUV = 718f1460 + 340f1800 + 540f2140 + 490f2880
b Calculated using Fopt+UV = 718f1460 + 340f1800 + 540f2140 + 1680f2880 + 2620f5500 .
Method used by van Teeseling et al. (1996), consisting of summing the average fluxes at
1460A˚, 1800A˚, 2140A˚, 2880A˚, and 5500A˚, in erg s−1A˚−1, multiplied by their weights
the opening angle of the disc to α/2 = 6◦, a value that is
still between 2◦ and 3◦ larger than that given by disc model
atmospheres. We note that limb darkening will have less of
an effect on our B band optical data.
Figure 9 shows that the slope of the disc brightness tem-
perature distribution on Feb 9 appears only approximately
compatible with the theoretical steady state solutions. The
overall rate of mass flow rate is slightly larger than that for
the disc of Feb 12.
The turn-up at the edge of the brightness temperature
distribution on Feb 9 is similar to that seen in disc maps of Z
Cha ( Warner & O’Donoghue 1988). Physical explanation of
this effect requires the presence of a ring at the outer edge.
We would hesitate to invoke an explanation that requires
a ring if the light curves were acquired in quiescence, but
numerical simulations of superoutburst discs by Whitehurst
(1988a, 1988b) and Whitehurst & King (1991) suggest that
rings exist at the outer edges of the disc in superoutburst,
and indeed, are the most likely explanation for the super-
hump phenomenon. Unfortunately, in this case, we cannot
say definitively whether the ring is real or an artifact from
the modelling process.
In contrast, the observed slope of the disc brightness
temperature distribution on Feb 12 (Figure 11) is quite
compatible with the overplotted theoretical curves of op-
tically thick, steady state discs. The average rate of mass
flow through the disc at this stage in the decline appears to
be ∼ 4× 10−10 M⊙ yr
−1. There is no evidence for a ring at
the outer edge of the disc at this stage in the superoutburst
decline.
This can be compared with a normal outburst peak
mass flow rate of ∼ 1 × 10−9M⊙ yr
−1 for OY Car, again
with a relatively good fit to steady state theoretical disc
curves (Rutten et al. 1992a). We note the fact that our disc
mass flow rate is lower than that found at normal outburst
maximum. However, the data presented here were obtained
well into the decline from superoutburst — the flux from
the system is virtually at the quiescent level two days after
the acquisition of these data.
5.2.2 Tying it all together
A self-consistent picture of OY Car in superoutburst
emerges with the X-ray and optical data presented in this
paper. The lack of X-ray eclipse affirms the conclusions of
the EXOSAT observation of the 1985 May superoutburst by
Naylor et al (1988), suggesting that their extended, ‘coro-
nal’ X-ray source may well be the rule and not the excep-
tion when superoutbursts occur in high inclination systems.
Our value for the X-ray luminosity in superoutburst is also
in agreement with the value of LX ∼ 10
31
− 1032 erg s−1,
found by Naylor et al. (1988). This is up to 100 times less
luminous than VW Hyi in superoutburst.
Naylor et al. (1987, 1988) used contemporaneous obser-
vations in other wavelengths to suggest that the disc of OY
Car had considerable vertical structure during the 1985 May
superoutburst, and that the increased local absorption that
resulted had the effect of shielding the boundary layer from
view at all orbital phases. This also results in a decrease in
the detected X-ray flux, leading to false conclusions being
drawn regarding the X-ray luminosity of the system and a
very low LX/Lopt+UV ratio. The optical data presented here
show for the first time how flared the disc is even three days
into the superoutburst decline. It is not difficult to envision
even larger opening angles during superoutburst maximum,
but it is unclear whether the disc is thickened at the edge,
or nearer the centre; even more perturbing is the lack of a
simple mechanism to support this structure.
5.3 Quiescence: Constraining the absorption
In terms of the emission measure and hardness ratio, OY Car
is similar to the other high inclination dwarf novae investi-
gated in van Teeseling & Verbunt (1994) and van Teeseling
et al. (1996): the volume of the X-ray emitting source is
small compared to that in lower inclination systems.
The quiescent X-ray luminosity of OY Car appears com-
parable to both Z Cha (bolometric LXq ∼ 2.5×10
30 erg s−1;
van Teeseling, 1997) and HT Cas in its unusually low state
(bolometric LXq ∼ 5×10
30 erg s−1; Wood et al. 1995a), but
is an order of magnitude below the X-ray luminosity from
the ASCA observation of HT Cas in the normal quiescent
state (LXq ∼ 2.2 × 10
31 erg s−1; Mukai et al. 1997). Cor-
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dova & Mason (1984a) quote typical CV X-ray luminosities
of ∼ 1031 erg s−1 in quiescence, although it must be remem-
bered that the proportion of eclipsing high inclination CVs
is small.
If the X-rays do come from the boundary layer,
then assuming the steady state case, (i.e., Lbl =
1
2
GMWDM˙/RWD); for the case of OY Car in quiescence,
M˙ is 3× 10−13M⊙ yr
−1, an exceptionally low value. Wood
et al (1995a) find a mass transfer rate onto the white dwarf
of M˙ ∼ 1× 10−12M⊙ yr
−1 for the low state of HT Cas.
One possible explanation for such a low X-ray lumi-
nosity is that the white dwarf in these systems is spinning
rapidly. This is not inconceivable, given that Sion et al.
(1995a), using high resolution HST spectra, found that the
white dwarf of VW Hyi was spinning at v sin i ∼ 600 km
s−1, although they subsequently show that even this rota-
tion rate cannot account for the low LX/Lopt+UV ratio for
this system. Further, Cheng et al. (1997) found that the
white dwarf in WZ Sge is rotating at a v sin i ∼ 1200 km
s−1. Observations of U Gem show that the white dwarf in
that system is rotating at v sin i ∼ 100 km s−1 (Sion et al.
1994), while Mauche et al. (1997) calculate a v sin i ∼ 300
km s−1 for the white dwarf in SS Cyg. Of these systems, U
Gem possesses the longest orbital period (Porb = 4.25 h) and
slowest white dwarf rotation, while WZ Sge has the short-
est orbital period (Porb = 1.36 h) and the fastest-spinning
white dwarf. OY Car, Z Cha, and HT Cas all have orbital
periods closer to that of WZ Sge than that of U Gem. On
this evidence, it could be that the white dwarf in OY Car is
spinning relatively fast, and that this may have the effect of
reducing the X-ray flux.
Alternatively, there may simply be a very low rate of
mass transfer through the boundary layer onto the white
dwarf. While this may be true for the two observations of
HT Cas (it is observed to have occasional low states), it does
not explain why the quiescent X-ray luminosities of both OY
Car and Z Cha are an order of magnitude lower than typical
values.
The real difficulty lies in constraining the value of the
column density, nH , and it is on this that the luminos-
ity of the system is most dependent. It is perhaps prema-
ture to draw conclusions when this factor is such a rela-
tive unknown. Figure 4 shows that a single component col-
umn density of 1022 cm−2 is not compatible with the data.
Dual-absorption models featuring both neutral and ionized
components fare no better because the relative contribu-
tion of each component is ill-constrained by the low quality
spectrum. The uncertainty in the value of the local absorp-
tion in OY Car may well raise some interesting implica-
tions, especially for the ‘iron curtain’ model of Horne et
al. (1994). In that paper, HST observations of the quies-
cent system were decomposed into the individual contribu-
tions from the white dwarf, accretion disc, and bright spot.
Horne et al. found that a fit to the white dwarf spectrum
was only achieved when fitted not only with a white dwarf at
TWD = 16.5×10
3 K, but also with a veiling solar-abundance
LTE gas of T ≃ 104 K and nH ∼ 10
22 cm−2. This veiling gas
was found to have a velocity dispersion of ∆v ≃ 60 km s−1,
suggesting a physical position at the edge of the disc. The
analysis of the ‘iron curtain’ phenomenon has since been ex-
tended to Z Cha (Wade, Cheng & Hubeny 1994). It may
be that the ‘iron curtain’ is not a permanent feature, and
our observation happened to view the source at an epoch
in which the veiling gas was absent. Both our observation
and that of Horne et al. (1994) were obtained in the mid-
dle of the respective quiescent periods, which suggests that
the source of the veiling gas is not directly connected to the
outburst mechanism. It may also be that the ‘iron curtain’
is not azimuthally homogeneous, and that the observations
obtained by Horne et al. (1994) happened to occur at an
orbital phase where the azimuthal distribution of the local
absorption was strong.
6 CONCLUSIONS
We have used ROSAT observations of OY Car to confirm
that there is no eclipse of the X-ray flux during superout-
burst. Eclipse maps of contemporaneous optical light curves
show that three days into the superoutburst decline, the disc
was flared with an opening angle of α ≃ 10◦. Taken together
with the multiwavelength observations of the 1985 May su-
peroutburst of OY Car in Naylor et al. (1987, 1988), we
can confirm that the disc becomes thick enough to obscure
the central regions of the disc and boundary layer when in
this state. While we now know that discs become physically
thick in outburst, we do not yet know of a simple, plausible
mechanism that can hold it in place for these considerable
lengths of time.
We have difficulty reconciling the measurements of the
absorption to the X-ray source in quiescence as derived from
measurements in the X-ray and UV. Single-component ab-
sorption models with a column density of 1022 cm−2, derived
by Horne et al. (1994) from HST observations, are not com-
patible with the data; dual-component models do not allow
any constraints to be placed on the relative contribution of
each component. A possible explanation, that the ‘iron cur-
tain’ is variable, is one that is difficult to test observationally,
in that it requires data acquired simultaneously in the UV
and X-ray.
Future work includes further observations of OY Car
in quiescence in order to tie down the spectrum of the X-
ray source, its position, and the absorption to it. Pratt et
al. 1999 uses further ROSAT HRI observations of OY Car
in quiescence to constrain the source of the X-ray emission,
but detailed modelling of the spectrum and the absorption
to the X-ray source requires spectrally resolved data such
as obtainable from ASCA. Looking further into the future,
systems such as these will be ideal targets for XMM, and will
make excellent use of the simultaneous optical monitoring.
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